SUMMARY Mild nutritional iron deficiency significantly reduced the severity of adjuvant induced joint inflammation assessed by histology, microfocal radiography, and subjective scoring. Other indices of adjuvant induced inflammation, such as increased levels of serum acute phase reactants, characteristic pathological changes in the inguinal lymph nodes, and granuloma formation at the site of adjuvant injection, were not different from those of control animals. The level of iron deficiency used did not affect the acute inflammatory response to a range of irritants and was not sufficient to suppress immune function. Both the hypersensitivity reaction to oxazalone and lymphocyte tritiated thymidine incorporation were normal. These observations support the view that iron has a selective influence on joint mediated inflammation.
lymph nodes draining the injection site,12 and there is an increase in serum acute phase reactants'3 and peripheral blood neutrophils. 14 The inflamed synovium has also been shown to contain iron deposits.'5 Desferrioxamine treatment appeared to reduce the joint symptoms of adjuvant disease specifically without affecting the systemic and local sequelae. Desferrioxamine, however, will chelate a range of other metals. 16 In view of this we have extended our studies to look at the effect of mild nutritional iron deficiency on adjuvant disease and on models of acute inflammation not involving the joint. As iron deficiency may be associated with immune suppression we have also examined the effect of nutritional iron deficiency on lymphocyte proliferation and cell mediated immunity.
Materials and methods
Postweaned, male Wistar rats were obtained from Bantin and Kingman (Hull, UK). The test rats for each experiment were fed a commercial iron deficient diet (Volac, Royston, UK) with an iron concentration of 20 ppm. The control rats were maintained on the same diet plus iron supplementation in the form of ferrous sulphate to give a total iron concentration of 120 ppm. This corresponds with the recommended iron concentration found in commercial rat and mouse feed (Heygate & Sons, Northampton, UK). Both test and control rats in each experiment received food and triple distilled water freely. 859
All rats were weighed at weekly intervals. After five weeks measurement of haemoglobin levels using a cyanomethaemoglobin technique (Sigma, USA) confirmed that a mild iron deficiency had been established in the test rats. The rats were then divided into groups of 12 iron deficient (test) and 12 iron supplemented (control) rats in each experiment. At the end of each experiment haemoglobin levels were reassessed and samples of liver were removed for measurement of hepatic iron, copper, and zinc concentrations by atomic absorption. 
STATISTICS
Analysis of parametric data was carried out with Student's t test (ST) and is expressed as the mean (SD). Non-parametric data were analysed with the Mann-Whitney U test (MW). The difference between the two observers' foot scores was analysed with a Wilcoxon signed rank test.
Results
Mild nutritional iron deficiency did not appear to affect the rats general health adversely. Both groups of animals followed the same growth curve, and there was no significant difference in body weight. Rats fed on the iron deficient diet had significantly reduced haemoglobin levels compared with the controls (115-7 (9-4) g/l v 131-3 (8.4) g/l, p<O0O1 (ST)). Iron deficient rats had significantly reduced hepatic iron stores compared with controls (35-7 (7) mg/kg v 186 (41) mg/kg, p<O-OO1 (ST)). Hepatic copper and zinc levels were unaffected by the iron deficiency. (Copper levels-iron deficient 5-3 (1-7) mg/kg, control 5-2 (1.7) mg/kg; zinc levels-iron deficient 28-3 (8.9) mg/kg, control 25-9 (7-1) mg/kg (ST).) CHRONIC 
INFLAMMATION
Initial signs of arthritis were noted from day 12. From day 12 to 14 there was no significant difference in joint score between the iron deficient and control rats. By day 15 the control animals had developed an intense destructive polyarthritis, while joint inflammation in the iron deficient group was significantly reduced (Fig. 1 ). There was no significant difference between the scores of the two observers as assessed by the Wilcoxon signed rank test.
All the control rats had evidence of periarticular connective tissue inflammation with an infiltrate consisting mainly of polymorphs with a few lymphocytes, histiocytes, and mast cells. All of the sections showed synovitis, bursitis, infiltration of the synovium with polymorphs, and exudation into the synovial space. Half of the control animals had evidence of fibroblastic proliferation and granulation tissue formation with areas of bone resorption, osteoblastic proliferation, and disorganised new bone formation. In contrast, two iron deficient rats showed no signs of joint disease, and the inflammation observed in eight of the rats was restricted to a mild synovitis and periarticular connective tissue inflammation. Interestingly, the infiltrate consisted of a mixture of polymorphs and lymphocytes, the numbers of polymorphs being greatly reduced compared with those observed in the control sections. Only two animals had developed bone erosions.
These results were reflected in the microfocal radiographs, where all of the control rats had evidence of soft tissue swelling. Half of these animals had osteoporosis of the tibial head, and four rats had florid new bone formation and periostitis. Only two iron deficient rats showed any signs of bone changes and these were similar to those of the control animals.
Both iron deficient and control rats developed a primary inflammatory focus at the site of injection in the base of the tail. There was no significant difference in the diameter of the lesion (iron deficient 7-00 (5-5) mm, control 4-67 (3-57) mm (ST)). Both iron deficient and control rats showed significant changes in serum acute phase reactants compared with rats of the same age, strain, and sex with no adjuvant disease. There was no significant The presence of stimulated phagocytic cells in the inflamed area provides one mechanism for the generation of oxygen radical damage. It is of interest that there were fewer neutrophils in the joint tissue of iron deficient rats in our experiments than in the controls, though the percentage of neutrophils in the circulation remained high. This is unlikely to be related to a straightforward reduction in neutrophil recruitment in iron deficiency as there was no significant reduction in neutrophil counts in the pleural exudate from iron deficient rats.
Although oxygen radical production during inflammation is by no means specific to the joint, there is evidence that the joint provides a unique environment that may account for the specificity of our results. We have previously shown that exercise of the inflamed rheumatoid knee joint results in significant intra-articular pressure increases and decreased synovial fluid oxygen tension.40 When the joint was rested the intra-articular pressure returned to normal resting levels but the synovial fluid oxygen tension increased. Synovial fluid fluorescent IgG levels (thought to be formed in vivo by free radical mediated damage to the IgG molecule41) varied with those of the oxygen tension.
McCord was the first to show that ischaemia followed by reperfusion of the tissues resulted in metabolic changes during the ischaemic period leading to the production of oxygen free radicals during reperfusion. 42 
